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(54) Paper sheet pick up device

(57) A pick up device for paper sheets includes an
input unit (51) configured to support a plurality of paper
sheets in a stacked manner, a supply mechanism (2)
configured to move the placed paper sheets in a stacking
direction and supply each paper sheet to a pick up posi-
tion, a pick up mechanism (56) configured to pick up the
paper sheet at the pick up position from the input unit
one by one, and a control unit configured to determine a
supply speed or a feed amount of the paper sheets by
the supply mechanism in accordance with thickness in-
formation of the picked up paper sheets obtained from a
thickness detector (120), and configured to determine
whether the supply mechanism is to be operated or
stopped based on density information of the paper sheets
obtained from a paper sheet sensor (122).
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Description

FIELD

[0001] Embodiments described herein relate generally
to a paper sheet pick up device that picks up accumulated
paper sheets such as postal items one by one and feeds
them.

BACKGROUND

[0002] A paper sheet processing apparatus such as a
postal item processor that processes postal items such
as postcards or sealed letters includes, e.g., a pick up
device, a discrimination device (OCR), an accumulation
device, a reject (RJ) accumulation device, a switchback
device, a convey path connecting the respective devices,
a gate that sorts carried paper sheets (postal items) to
the respective devices, and others. A plurality of paper
sheets loaded in a supply section of the pick up device
are picked up one by one by the pick up device, separated
into each paper sheet and are then supplied to the dis-
crimination device. The discrimination device discrimi-
nates the paper sheets, determines a destination of the
paper sheets, e.g., the RJ accumulation device or the
accumulation device, and also determines whether each
paper sheet is to be passed through a transfer route, e.g.,
the switchback device and then turned back. Afterward,
each paper sheet is transferred to the determined device
through the convey path and a gate mechanism, and the
carried sheet is subjected to various processes in this
device.
[0003] As the pick up device in the paper sheet
processing apparatus, an adsorption type pick up device
that adsorbs each paper sheet by a negative pressure
and picks up the paper sheet has been suggested (e.g.,
JP-A 2008-280139 [KOKAI] and JP-A 2001-335165
[KOKAI]). This pick up device includes an air adsorption
structure that uses a perforated belt and an air chamber
to adsorb each paper sheet and a separation roller that
adsorbs and separates a second paper sheet to prevent
two paper sheets from being simultaneously picked up.
Further, the pick up device includes an optical sensor
that detects presence/absence or a density of paper
sheets in the supply unit from which the paper sheets are
supplied. When the sensor determines the absence of
paper sheets by transmission, the supply unit is operated
to feed the next paper sheet to a pick up position at a
given speed.
[0004] In the above-described paper sheet pick up de-
vice, paper sheets are often densely stacked in, e.g., a
portion where paper sheets having a relatively small
thickness are continuous in a paper sheet bundle placed
in the supply unit. Therefore, the supply unit pushes the
paper sheets at a speed higher than an ideal speed, and
paper sheet jam is apt to occur near the pick up position.
In this case, the earliest paper sheet cannot be stably
picked up, or skew or overlapping feed of the paper

sheets may possibly occur. On the contrary, in a portion
where paper sheets having a relatively large thickness
are continuous, feed of the paper sheets by the supply
unit is delayed, and hence pick up of the paper sheets
may become intermittent. In such cases, a processing
speed of the paper sheet processing apparatus deterio-
rates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]

FIG. 1 is an exemplary block diagram schematically
showing a postal item processing apparatus accord-
ing to a first embodiment;
FIG. 2 is an exemplary plan view showing a pick up
device in the postal item processing apparatus;
FIG. 3 is an exemplary perspective view showing a
pick up belt and a guide in the pick up device;
FIG. 4 is an exemplary perspective view showing the
guide;
FIG. 5 is an exemplary perspective view showing a
suction mechanism in the pick up device;
FIG. 6 is an exemplary block diagram showing a con-
trol unit and various sensors in the pick up device;
FIG. 7 is an exemplary view schematically showing
a state that postal items having the same thickness
are loaded in the pick up device;
FIG. 8 is an exemplary view showing a change in
thickness of postal items per unit time in the pick up
device;
FIGS. 9A and 9B are exemplary views each showing
a relationship between a thickness of a postal item
and a feed speed;
FIG. 10 is an exemplary plan view showing a pick
up device according to a second embodiment;
FIG. 11 is an exemplary view showing a postal item
group loaded in an obliquely inclined state in the pick
up device; and
FIG. 12 is an exemplary view showing a posture cor-
rection operation of the postal item group in the pick
up device.

DETAILED DESCRIPTION

[0006] In general, according to one embodiment, there
is provided a pick up device for paper sheets, character-
ized by comprising: an input unit configured to support a
plurality of paper sheets in a stacked manner; a supply
mechanism configured to move the plurality of placed
paper sheets in a stacking direction and supply each pa-
per sheet at an end of a moving direction to a pick up
position on the input unit; a pick up mechanism config-
ured to pick up the paper sheet at the pick up position
from the input unit one by one; a thickness detector con-
figured to detect a thickness of each paper sheet picked
up by the pick up mechanism; a paper sheet sensor con-
figured to detect a density state of the paper sheets on
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an upstream side of the pick up position; and a control
unit configured to determine a supply speed or a feed
amount of the paper sheets by the supply mechanism in
accordance with thickness information of the picked up
paper sheets obtained from the thickness detector, and
configured to determine whether the supply mechanism
is to be operated or stopped based on density information
of the paper sheets obtained from the paper sheet sen-
sor.
[0007] Embodiments will now be described hereinafter
in detail with reference to the accompanying drawings.
[0008] FIG. 1 is an exemplary block diagram schemat-
ically showing a postal item processing apparatus 100
including a pick up device 1 for paper sheets according
to a first embodiment. This postal item processing appa-
ratus 100 comprises a discrimination unit 102, a rejection
unit 104, a switchback unit 106 and an accumulation unit
108 besides the pick up device 1. It is to be noted that
although a paper sheet processed in the processing ap-
paratus 100 according to this embodiment is a postal
item, a processing target medium (i.e., the paper sheet)
is not limited to a postal item.
[0009] A plurality of postal items such as postcards or
sealed letters are stacked and loaded in the pick up de-
vice 1 in this state, and they are picked up onto a convey
path 101 one by one by operating the pick up device as
will be described later. A plurality of pairs of endless con-
veyer belts (not shown) extend along the convey path
101 to sandwich the convey path 101. Each picked up
postal item is held and conveyed by the conveyer belts.
[0010] The postal item picked up to the convey path
101 is supplied to the discrimination unit 102 where var-
ious kinds of information are read from the postal item.
The discrimination unit 102 determines a transfer posture
or a sorting destination of the postal item based on the
read various kinds of information. In particular, the dis-
crimination unit 102 reads destination information such
as a postal code or an address written on the postal item
and determines a sorting destination.
[0011] After passing through the discrimination unit
102, a convey direction of the postal item is sorted
through a gate G1. That is, the postal item determined
by the discrimination unit 102 as a postal item which
should be rejected is conveyed to the rejection unit 104
through gate G1 and accumulated in the rejection unit.
Other postal items are carried to the accumulation unit
108 through gate G1 and accumulated in this accumu-
lation unit 108.
[0012] At this time, when the discrimination unit 102
determines that the convey direction of the postal item
must be reversed, the postal item is supplied to the
switchback unit 106 through gate G1 and a gate G2, and
the convey direction is reversed in this unit 106. Each
postal item whose convey direction does not have to be
reversed bypasses the switchback unit 106 through gate
G2 to be carried to the accumulation unit 108.
[0013] The postal item supplied to the accumulation
unit 108 via the convey path 101 is sorted and accumu-

lated in a corresponding sort and accumulation pocket
(not shown) in accordance with a discrimination result in
the discrimination unit 102. The postal item sorted and
accumulated in each sort and accumulation pocket is ac-
cumulated in a state that its upper and lower sides are
aligned.
[0014] The pick up device 1 for the paper sheets will
now be described in detail.
[0015] FIG. 2 is an exemplary plan view showing the
pick up device 1. The pick up device 1 includes an input
unit 51 in which a plurality of stacked postal items P are
loaded in an upright state wherein each postal item is
upright substantially perpendicularly to a horizontal
plane, a supply mechanism 2 that moves the plurality of
input postal items P in a stacking direction and supplies
the postal item P present at an end in a moving direction
to a later-described pick up position 87, a pick up mech-
anism 56 which feeds the postal item P supplied to the
pick up position 87 in a plane direction thereof which is
a direction substantially perpendicular to the moving di-
rection in this example and picks up it onto a later-de-
scribed convey path 10, a suction mechanism 53 that
draws the earliest postal item in the postal items P input
through the input unit 51 toward the pick up position 87,
a separation mechanism 54 that separates the second
and subsequent postal items P which are output to follow
the postal items P picked up from the pick up position 87
from the first postal item P, an auxiliary mechanism 55
that causes a negative pressure to act with respect to
the postal item P supplied to the pick up position 87 on
an upstream side of the pick up mechanism 56 and ro-
tates in both forward and backward directions to aid a
pick up operation for the postal item P, and a transfer
mechanism 58 that extracts the postal item P having
passed through the separation mechanism 54 at a speed
slightly lower than a pick up speed and conveys it to a
downstream side.
[0016] The pick up device 1 has two sensors 57a and
57b that detect passage of the postal item P that has
been picked up onto the convey path 10 from the pick up
position 87 present at one end of the input unit 51 and
also has a plurality of transfer guides 84. Each of the two
sensors 57a and 57b has a light emitting portion and a
light receiving portion to sandwich the convey path 10
along which the postal item P passes, and sequentially
detects the passage of the postal item P when the postal
item P blocks optical axes of these portions. Further, the
plurality of transfer guides 84 come into contact with an
end side or a surface of the postal item P to guide move-
ment or transfer thereof.
[0017] The plurality of postal items P are collectively
placed in the input unit 51 in a stacked state and an up-
right state. Two floor belts 8a and 8b are arranged on a
bottom of the input unit 51. The floor belts 8a and 8b
come into contact with a lower end side of each postal
item P and move the postal items P in a stacking direction
(direction indicated by arrow F in the drawing). A backup
plate 9 is arranged at a position where it faces the postal
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item P present at a rear end of the plurality of postal items
P in the moving direction. The backup plate 9 is connect-
ed to one floor belt 8b, e.g., and moves in the direction
indicated by arrow F in cooperation with the floor belt 8b.
The backup plate 9 pushes the postal items P toward the
pick up position and supplies the postal item P at the end
in the moving direction to the pick up position 87. That
is, the two floor belts 8a and 8b and the backup plate 9
serve as a supply mechanism 2.
[0018] One transfer guide 84 extends in the direction
of arrow F to define one side of the input unit 51, and it
guides the end side of each postal item P. A plurality of
other transfer guides 84 are arranged along the pick up
position 87 on one end side of the input unit 51, serves
to stop and position at the pick up position 87 the postal
item P at the end of the moving position that has been
supplied in the direction of arrow F and also serves to
come into contact with and guide one surface of the postal
item P to be picked up from the pick up position 87.
[0019] The pick up mechanism 56 has a chamber 52,
a guide 60 and a vacuum pump 61 (or an equivalent).
The vacuum pump 61 is connected to the inside of the
chamber 52 through a pipe 62. The pick up mechanism
56 includes an endless pick up belt 79 having a portion
in at least a fixed region traveling in a direction indicated
by an arrow D1 in the drawing (pick up direction of the
postal item P) along the pick up position 87 and a motor
81 that drives this pick up belt 79. The pick up belt 79 is
wound around a plurality of rollers 80 to be stretched in
such a manner that at least a part thereof travels in the
direction of arrow D1 in the drawing along the pick up
position 87 and the convey path 10 that continues from
the pick up position 87.
[0020] The guide 60 is arranged on the inner side of
the pick up belt 79 and faces the pick up position 87
interposing the pick up belt 79 therebetween. The cham-
ber 52 is arranged on a back surface side of the guide
60, i.e., a position where it faces the pick up position 87
to sandwich the pick up belt 79 and the guide 60. The
pick up belt 79 has many adsorption holes 79a as shown
in FIG. 3 in an enlarged manner.
[0021] As depicted in FIG. 4, the guide 60 has a plu-
rality of elongated slits 60a extending in the traveling di-
rection D1 of the pick up belt 79.
[0022] As shown in FIG. 2, when the vacuum pump 61
is operated to form a vacuum in the chamber 52, a neg-
ative pressure (arrow S1 in the drawing) acts on the post-
al item P supplied to the pick up position 87 through an
opening (not shown) of the chamber 52 facing the guide
60, the plurality of slits 60a of the guide 60 and many
adsorption holes 79a of the pick up belt 79 traveling in
the direction of arrow D1, and the postal item P is ad-
sorbed on the surface of the pick up belt 79 and picked
up onto the convey path 10 from the pick up position 87
with traveling of the pick up belt 79.
[0023] At this time, adsorption power of the vacuum
pump 61 in the direction of arrow S1 is loaded in such a
manner that transfer force for conveying the first postal

item P adsorbed on the pick up belt 79 in the pick up
direction D1 becomes higher than at least the frictional
force acting between the first postal item P and the sec-
ond postal item P. Although this pick up mechanism 56
brings up the postal items P at the pick up position 87
onto the convey path 10 one by one, the later-described
separation mechanism 54 separates the plurality of post-
al items P brought up onto the convey path 10 in a stacked
state from each other.
[0024] The suction mechanism 53 comprises a cham-
ber 64 arranged on a back surface side of the transfer
guide 84 with respect to the pick up position 87, and a
blower 65 (or an equivalent) that draws air in the chamber
64. The blower 65 is connected to the inside of the cham-
ber 63 through a pipe 66. The chamber 63 is arranged
between the pick up mechanism 56 and the later-de-
scribed auxiliary mechanism 55 and adjacent to the pick
up position 87 in a posture allowing an opening portion
thereof to face a back surface of the transfer guide 84.
Additionally, as partially shown in FIG. 5 in an enlarged
manner, the transfer guide 84 has a plurality of holes 84a
which has a size in accordance with a width of the opening
of the chamber 63. The holes 84a are arranged in the
opening of the chamber 63.
[0025] When the blower 65 is operated to draw air in
the chamber 63, an airflow is produced in the direction
of arrow B1 in the drawing through the plurality of holes
84a of the transfer guide 84, and the postal item P closest
to the pick up position 87 in the plurality of postal items
P put in the input unit 51 is drawn toward the pick up
position 87. After the postal item P drawn to the pick up
position 87 is picked up, the next postal item P is drawn
toward the pick up position 87. Providing this suction
mechanism 53 enables rapidly supplying the postal item
P as the next pick up target to the pick up position 87.
Therefore, even if supply force in the direction of arrow
F produced by the supply mechanism 2 is reduced, the
first postal item P alone can be always stably and rapidly
supplied to the pick up position 87. As a result, a speed
of an operation of picking up the postal item P by the pick
up mechanism 56 can be increased.
[0026] The separation mechanism 54 is provided on
the opposite side of the pick up mechanism 56 with re-
spect to the convey path 10 extending on the downstream
side (upper side in FIG. 2) of the pick up position 87. This
separation mechanism 54 imparts a separation torque in
a direction opposite to the pick up direction of the postal
item P while applying a negative pressure to the postal
item P carried through the convey path 10. That is, when
this separation mechanism 54 is operated, the second
and subsequent postal items P are stopped or returned
in the opposite direction by the negative pressure and
the separation torque even though the second and sub-
sequent (three or more postal items may be picked up in
a stacked state) postal items P are output to follow the
postal item P that is picked up from the pick up position
87, thereby separating these postal items P from the first
postal item P.
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[0027] In more detail, the separation mechanism 54
comprises a separation roller 68 rotatable in both forward
(the pick up direction D1) and backward directions. The
separation roller 68 is formed of a rigid body, e.g., a sub-
stantially cylindrical metal material, and it is arranged at
a position where its outer peripheral surface is exposed
to the convey path 10. The separation roller 68 is rotatably
provided on a rotating shaft, i.e., a cylindrical body 67
having a later-described chamber 64. The separation roll-
er 68 has many adsorption holes penetrating the roller
68 and open to an inner peripheral surface and an outer
peripheral surface thereof. The cylindrical body 67 has
a chamber 64 configured to generate a negative pres-
sure, and it is positioned in a posture that an opening of
this chamber 64 faces the convey path 10.
[0028] The separation mechanism 54 has an AC servo
motor 69 that rotates the separation roller 68 in both the
forward and backward directions with a desired torque
and an endless timing belt 70 configured to transmit driv-
ing force of this motor 69 to the separation roller 68. The
timing belt 70 is wound and stretched around a pulley
secured to the rotating shaft of the motor 69 and a non-
illustrated pulley secured to a rotating shaft of the sepa-
ration roller 68. Furthermore, the separation mechanism
54 includes a vacuum pump 71 connected with the cham-
ber 64 of the cylindrical body 67 through a pipe 72.
[0029] When the vacuum pump 71 is operated to form
a vacuum in the chamber 64, a negative pressure is
caused to act with respect to a surface of the postal item
P that passes through the convey path 10 via the opening
of the chamber 64 and specific adsorption holes facing
the opening of the chamber 64 in many adsorption holes
of the separation roller 68, and the postal item P is ad-
sorbed on the outer peripheral surface of the separation
roller 68. At this time, when the separation roller 68 is
rotating, transfer force of the separation roller 68 in the
rotating direction is also given to the postal item P ad-
sorbed on the outer peripheral surface of the separation
roller 68.
[0030] On the other hand, the AC servo motor 69 drives
the separation roller 68 to constantly impart a fixed sep-
aration torque in a direction D2 opposite to the pick up
direction D1 to the separation roller 68. When the number
of the postal item P carried through the convey path 10
is one, this separation torque is set to a level that enables
the separation roller 68 that has adsorbed the one postal
item P to rotate together with the postal item P in the pick
up direction D1. When the plurality of postal items P are
picked up onto the convey path 10 in the stacked state,
the separation torque is set to a level that enables stop-
ping or returning the second and subsequent postal items
P on the separation roller 68 side to the opposite direc-
tion, whereby these postal items P can be separated from
the first postal item P.
[0031] In a state that one postal item P is normally
picked up from the pick up position 87 and carried through
the convey path 10, transfer force in a forward direction
(direction of arrow D1) applied to the postal item P by the

pick up mechanism 56 is larger than transfer force in the
opposite direction applied to the postal item P by the sep-
aration roller 68 that has received the separation torque
in the opposite direction D2, the postal item P is carried
in the forward direction D1, and the separation roller 68
rotates in the forward direction D1 together with the postal
item P and stops or runs idle in the direction opposite to
the pick up direction.
[0032] In a case where the separation roller 68 runs
idle in the opposite direction D2, a rotating speed grad-
ually increases when the fixed separation torque is con-
tinuously imparted. As a result, the pick up of the postal
item P may be adversely affected. To avoid this advan-
tage, an upper limit is put on a reverse rotation speed of
the separation roller 68 in this embodiment. Specifically,
there is set an upper limit speed having an absolute value
smaller than a pick up speed of the postal item P.
[0033] As shown in FIG. 2, the auxiliary mechanism
55 is arranged on the lower side of the suction mecha-
nism 53 in the drawing, i.e., on the upstream side of the
pick up mechanism 56 in the pick up direction D1 of the
postal item P and comprises substantially the same con-
figuration as the separation mechanism 54. That is, the
auxiliary mechanism 55 comprises an auxiliary roller 75
rotatable in both the forward direction D1 and the back-
ward direction D2.
[0034] The auxiliary roller 75 is rotatably provided on
a rotating shaft, i.e., a cylindrical body 74 fixedly arranged
to face the pick up position 87. The auxiliary roller 75 has
many adsorption holes penetrating the roller 75 and open
to an inner peripheral surface and an outer peripheral
surface thereof. The auxiliary roller 75 is formed of a rigid
body such as a substantially cylindrical metal material,
and its outer peripheral surface is positioned to expose
to the pick up position 37. The cylindrical body 74 has a
chamber 73 configured to generate a negative pressure.
The cylindrical body 74 is positioned in a posture that an
opening of this chamber 73 faces the pick up position 87.
[0035] The auxiliary mechanism 55 comprises an AC
servo motor 88 configured to rotate the auxiliary roller 75
in both the forward and backward directions with a de-
sired torque and an endless timing belt 76 configured to
transmit driving force produced by this motor 88 to the
auxiliary roller 75. The auxiliary mechanism 55 has a vac-
uum pump 77 connected through a pipe 78 to the cham-
ber of the cylindrical body 74.
[0036] The auxiliary mechanism 55 rotates the auxil-
iary roller 75 in both the forward and backward directions
at a desired speed and stops the same, and it also sup-
ports a pick up operation and a separating operation of
the postal items P by turning on/off the negative pressure
generated by the vacuum pump 77.
[0037] As shown in FIG. 2, the transfer mechanism 58
that transfers the postal item P picked up by the pick up
mechanism 56 to the downstream side comprises a plu-
rality of transfer rollers 22 an 83, a tension roller 26, trans-
fer belts 20, 82 and 85, and a tension mechanism 21.
The transfer roller 83 is arranged on the downstream side
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of the separation roller 68 and adjacent to the convey
path 10. The transfer belt 82 is wound around this transfer
roller 83 and the other non-illustrated transfer roller. The
transfer belt 20 is wound around the tension roller 26 and
the transfer roller 22, and this transfer belt 20 defines the
convey path 10 together with the convey path 10 and is
in contact with the transfer belt 82.
[0038] The tension mechanism 21 includes a tension
arm 24 having a central portion rotatably supported by a
pivot 25. The tension roller 26 is rotatably supported at
one end of the tension arm 24. A tension spring 27 is
installed at the other end of the tension arm 24 to be
urged. As a result, the tension arm 24 is urged in a coun-
terclockwise direction around the pivot 25 and elastically
comes into contact with a stopper 29. As a result, the
tension roller 26 and the transfer belt 20 are urged in the
direction of the convey path 10, and the transfer belt 20
is in contact with the transfer belt 82 in a state that tensile
force is maintained. Furthermore, the transfer belt 85 is
wound around the other transfer roller 22 and the non-
illustrated other transfer roller, and the transfer belt 85 is
in contact with the transfer belt 82. A drive belt 23 con-
figured to synchronously rotate the two transfer rollers
22 is wound around these rollers. The postal item P is
held between the transfer belt 82 and the transfer belts
20 and 85 and carried by these transfer belts.
[0039] As shown in FIGS. 2 and 3, the pick up device
1 includes a thickness detector 120 which detects a thick-
ness of the picked up postal items P and a count sensor
(counter) 121 which counts the number of picked up post-
al items P. The thickness detector 120 and the count
sensor 121 are provided to the convey path 10 on the
downstream side of the sensors 57a and 57b. Moreover,
on the upstream side of the pick up position 87, the pick
up device 1 includes a letter sensor (paper sheet sensor)
122 which detects presence/absence or a density of the
postal items P placed in the input unit 51 and a pushing
force detection sensor 123 which detects pushing force
for the postal items P generated by the supply mecha-
nism 2, especially pushing force that acts on the earliest
postal item P. It is to be noted that the thickness detector
120 may also serve as the count sensor 121.
[0040] The sensors 57a and 57b, the thickness detec-
tor 120, the count sensor 121 and the letter sensor 122
are connected to the control unit 200 of the pick up device
1 to input each detection signal to the control unit 200.
To this control unit 200 are connected a driver 202 which
drives the vacuum pumps 61, 71 and 77, a driver 204
which drives the blower 65 and a driver 206 which drives
the AC servo motors 69, 79 and 81, and the control unit
200 drives each driver in accordance with a detection
signal from each sensor.
[0041] The letter sensor 122 is provided at a position
near the upstream side of the pick up position 87, and a
transmitting or reflecting optical sensor or other various
sensors can be used as this sensor. The letter sensor
122 detects presence/absence of the postal item P on
an optical axis of the sensor 122 or detects a density of

the postal item P as an example of its role. When the
control unit 200 determines that presence of the postal
items P accumulated near the pick up position 87 is
sparse (although a letter edge is detected, but many gaps
are present to allow the optical axis to pass therethrough)
based on a detection signal from the letter sensor 122,
it moves the supply mechanism 2 to urge an operation
of feeding the postal items P to the pick up position 87.
A detection direction of the letter sensor 122 is not re-
stricted to the drawing, and it is possible to select various
directions, e.g., a direction along which each postal item
is detected from the front side of the postal item P or the
lower side of the postal item P.
[0042] As the pushing force detection sensor 123, for
example, a pressure sensor or a sensor that detects a
pushing amount of a lever by utilizing the lever and a
spring can be used for determining how much the postal
item P is pushed toward the pick up position 87. For ex-
ample, when the control unit 200 determines that the
postal item P is not pushed at all, i.e., when detected
pushing force is smaller than a reference value based on
a detection signal from the pushing force detection sen-
sor 123, it moves the supply mechanism 2 to urge an
operation of feeding the postal item P to the front side.
Additionally, when the postal item P is excessively
pushed, i.e., when the detected pushing force is smaller
than the reference value, the control unit 200 can alleviate
an excessive jam state of the postal items P by operating
the supply mechanism 2 in the opposite direction. The
pushing force detection sensor 123 may measure the
pushing force itself or may detect presence/absence of
the postal items P alone.
[0043] In the postal item processing apparatus, as
shown in FIG. 7, in regard to how the postal items P are
loaded and placed in the input unit 51 are placed, for
example, postal items having the same thickness (same
type) are often present in a state that they are continuous
to some extent (bulk state).
[0044] In this embodiment, for example, when the
thickness detector 120 measures a thickness of each
postal item P picked up by the pick up mechanism 56,
the control unit 200 estimates a thickness of the postal
item P that is present in a region R near the pick up po-
sition 87 of the input unit 51. When the control unit 200
determines that the thickness of each postal item P in
the region R near the pick up position is smaller than a
predetermined reference value, it decides that the postal
items P are apt to jam and a phenomenon that the postal
items are nipped at the pick up position 87 occurs if a
supply speed V is unchanged, and hence it reduces the
supply speed V. Contrary, when the control unit 200 de-
termines that the thickness of each postal item P in the
region R is larger than the predetermine reference value,
it decides that the postal items become sparse and pick
up of the postal items P become intermittent, and hence
it increases the supply speed V.
[0045] The thickness detector 120 can adopt a method
based on distance measurement using a laser displace-
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ment gauge (optical system) or various thickness detec-
tion methods based on a contact system. As shown in
FIG. 8, the control unit 200 measures a thickness of each
postal item P by using the thickness detector 120 and
calculates a unit time average value TH of thicknesses
of the postal items that have passed per unit time T0.
Here, as shown in FIG. 7, when the bulk state of the
postal items P continues, it can be assumed that thick-
ness information is substantially fixed, and it can be con-
sidered that the average value TH calculated here is
equal to a thickness of each postal item P present in the
region R near the pick up position of the input unit 51.
[0046] When an appropriate feed speed is set in ac-
cordance with the assumed thickness information of each
postal item P in the region R, i.e., a type of each postal
item as shown in FIG. 9A, a smooth supply operation is
performed. In this embodiment, as depicted in FIG. 9B,
the control unit 200 divides the calculated thickness in-
formation per unit time into a plurality of sections to define
a parameter for the supply speed V.
[0047] When the type (thickness) of the postal item P
to be picked up varies, the calculated information TH
based on a measurement value from the thickness de-
tector 120 does not coincide with the thickness of the
postal item P in the region R, but shortening the unit time
T0 enables suppressing an influence in this case.
[0048] Further, the control unit 200 may count the
number of the picked up postal items P that have passed
per unit time based on a detection signal from the count
sensor 121 and set the supply speed V for the number
of postal items that have passed per unit time. For ex-
ample, when the number of postal items that have passed
per unit time is larger than a predetermined reference
value, the control unit 200 estimates that a reduction in
the postal items P present in the region R near the pick
up position of the input unit 51 is slow, and it increases
the supply speed V beyond a predetermined speed.
[0049] In this embodiment, although the supply speed
of the supply mechanism 2 is changed, but a supply
amount may be variably determined to control a supply
operation for the postal items. For example, the control
unit 200 calculates total letter thickness information per
unit time by using the thickness detector 120 and esti-
mates a total amount (feed amount, feed width) of the
postal items P that are no longer present after pick up
from the region R near the pick up position of the input
unit 51. Further, the control unit 200 determines the es-
timated total amount as a feed amount to effect a supply
operation of the supply mechanism 2.
[0050] Detection information from the thickness detec-
tor 120 and the count sensor 121 may be also utilized to
determine the supply speed V or a feed amount of the
supply mechanism 2.
[0051] According to the postal item processing appa-
ratus including the thus configured pick up device 1, the
thickness detector 120 is utilized to detect a thickness of
each picked up postal item P, a thickness of each postal
item P in the region near the pick up position of the input

unit 51 is estimated, and an optimum supply speed for
the postal item P in the input unit is adjusted or a feed
amount is changed, thereby carrying out the smooth sup-
ply operation. Moreover, the number of picked up postal
items P that have passed per unit time may be counted
to set the supply speed V for the number of postal items
that have passed per unit time. Therefore, the postal
items P can be stably picked up one by one at a high
speed without being affected by a difference in thickness
between the postal items P. Additionally, when the count
sensor 121 detects the number of postal items picked up
per unit time, a pick up amount of the postal items in the
region near the pick up position is estimated and the ap-
propriate supply speed or feed amount of the supply
mechanism 2 is changed, the more smooth supply op-
eration can be effected. As a result, the appropriate sup-
ply can be performed and the stable pick up can be car-
ried out, thereby obtaining the paper sheet processing
apparatus having an improved processing speed.
[0052] A postal item processing apparatus including a
pick up device according to a second embodiment will
now be described. FIG. 10 is a plan view showing a pick
up device 1 for postal items according to the second em-
bodiment. According to this embodiment, a control unit
200 estimates a posture of each postal item P in an input
unit 51 by using both a thickness detector 120 and a
count sensor 121 to check each piece of obtained infor-
mation. A supply mechanism 2 has a main belt 126 con-
figured to feed each postal item P in a feed direction F
and a pair of sub-belts 125, and it can independently
drive these belts. The sub-belts 125 are provided on a
downstream side of the main belt 126, i.e., at positions
closer to a pick up position 87 in the feed direction F. The
supply mechanism 2 has a backup plate 128 that pushes
a rear surface of a group of postal items P, and this back-
up plate 128 is connected with the main belt 126 and
driven in synchronization with the main belt. The pick up
device 1 has one or more optical sensors 127 configured
to detect each postal item P from a front surface side.
[0053] Other structures of the postal item processing
apparatus are equal to those in the first embodiment, and
like reference numbers denote like parts, thereby omit-
ting a detailed description thereof.
[0054] In the second embodiment, for example, when
it is determined that "a thickness of a postal item P is
small" from information obtained from the thickness de-
tector 120 and it is also determined that "a processing
speed is lower than a predetermined counterpart" from
information obtained from the count sensor 121, it is es-
timated that the postal item P loaded near a pick up po-
sition 87 of an input unit 51 takes a posture that noticeably
falls down obliquely backward as shown in FIG. 11. Al-
though there is a possibility that the postal item P falls
down, but whether the postal item P takes an inclined
posture as shown in FIG. 11 or falls down can be deter-
mined by multilaterally determining information from an
optical sensor 127 or information from a pushing force
detection sensor 123. In this case, it can be estimated
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that the postal item P has a small thickness and a light
weight, but this means that a processing speed for the
postal item, i.e., a pick up speed cannot be increased
since the postal item P in the input unit 51 takes a bad
posture.
[0055] Thus, when the control unit 200 determines that
"a thin postal item is present near the pick up position of
the input unit and its posture obliquely falls down" based
on detection information obtained from the thickness de-
tector 120, the count sensor 121 and the optical sensor,
it drives a supply mechanism 2 to raise the postal item
P and restores a processing speed. That is, the control
unit 200 controls driving speeds and driving directions of
a main belt 126 and sub-belts 125 to straighten the pos-
ture of the postal item P. As an example of an operating
method of raising the postal item P, as shown in FIG. 12,
the control unit 200 rotates the main belt 126 in a forward
direction while rotating the sub-belts 125 in a backward
direction (feeding these belts in a direction opposite to
the pick up position 87) and pushes a rear surface of a
group of the postal items P in a pick up direction F by
using a backup plate 9, thereby raising the postal item
P. As a result, a smooth supply operation for the postal
items can be carried out, and the pick up device 1 can
be utilized to stably eject the postal items at a high speed.
Therefore, the pick up can be continued without reducing
a processing speed. Besides, the second embodiment
can obtain the same functions and effects as in the first
embodiment.
[0056] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Claims

1. A pick up device for paper sheets, characterized
by comprising:

an input unit (51) configured to support a plurality
of paper sheets (P) in a stacked manner;
a supply mechanism (2) configured to move the
plurality of placed paper sheets in a stacking di-
rection and supply each paper sheet to a pick
up position (87) on the input unit;
a pick up mechanism (56) configured to pick up
the paper sheet at the pick up position from the
input unit one by one;
a thickness detector (120) configured to detect
a thickness of each paper sheet picked up by

the pick up mechanism;
a paper sheet sensor (122) configured to detect
a density state of the paper sheets on an up-
stream side of the pick up position; and
a control unit (200) configured to determine a
supply speed or a feed amount of the paper
sheets by the supply mechanism in accordance
with thickness information of the picked up paper
sheets obtained from the thickness detector,
and configured to determine whether the supply
mechanism is to be operated or stopped based
on density information of the paper sheets ob-
tained from the paper sheet sensor.

2. The device according to claim 1, characterized by
further comprising a counter (121) configured to
count the number of paper sheets (P) picked up by
the pick up mechanism (56), the control unit (200) is
configured to determine a supply speed or a feed
amount of the supply mechanism in accordance with
information of the number of paper sheets picked up
per unit time obtained by the counter.

3. The device according to claim 1, characterized in
that the control unit (200) is configured to calculate
an average value of thicknesses per unit time ob-
tained by the thickness detector (120), to decrease
the supply speed when the average value is lower
than a predetermined reference value, and to in-
crease the supply speed when the average value is
higher than the predetermined reference speed.

4. The device according to any one of claims 1 to 3,
characterized by further comprising a pushing force
detection sensor (123) configured to detect pushing
force for the paper sheet given by the supply mech-
anism (2),
wherein the control unit (200) is configured to feed
each paper sheet toward the pick up position (87)
by the supply mechanism when the pushing force
detected by the pushing force detection sensor is
smaller than a reference value, and to operate the
supply mechanism in an opposite direction to allevi-
ate jam of the paper sheet, when the pushing force
detected by the pushing force detection sensor is
larger than the reference value.

5. The device according to any one of claims 1 to 3,
characterized by further comprising a separation
mechanism (54) configured to separate a second
and subsequent paper sheets which are taken out
following the paper sheet picked up from the pick up
position (87).

6. The device according to claim 5, characterized in
that the separation mechanism (54) is arranged on
a downstream side in a pick up direction of the pick
up mechanism (56) and on an opposite side of the
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convey path (10) with respect to the pick up mech-
anism, and configured to apply a negative pressure
to the paper sheet picked up onto the convey path
to separate the paper sheet.

7. A pick up device for paper sheets, characterized
by comprising:

an input unit (51) configured to support a plurality
of paper sheets (P) in a stacked manner;
a supply mechanism (2) configured to move the
plurality of placed paper sheets in a stacking di-
rection and supply each paper sheet at an end
of a moving direction to a pick up position on the
input unit;
a pick up mechanism (56) configured to adsorb
and move the paper sheet at the pick up position
to pick up the paper sheets from the input unit
one by one;
a thickness detector (120) configured to detect
a thickness of each paper sheet picked up by
the pick up mechanism;
a counter (121) configured to count the number
of the paper sheets picked up by the pick up
mechanism; and
a control unit (200) configured to estimate a pos-
ture of the paper sheets in the input unit in ac-
cordance with thickness information of the paper
sheets obtained from the thickness detector and
information of the number of the paper sheets
picked up per unit time obtained by the counter,
and configured to correct the posture of the pa-
per sheets by the supply mechanism when the
paper sheets are estimated to incline or fall
down.

8. The device according to claim 7, characterized in
that the control unit (200) is configured to determine
that the posture of the paper sheets in the input unit
obliquely falls down and to perform a correction op-
eration using the supply mechanism (2) when the
thickness information of the paper sheets obtained
from the thickness detector (120) is smaller than a
reference value and the number of the paper sheets
passed per unit time obtained by the counter is small-
er than a reference value.

9. The device according to claim 7 or 8, characterized
in that the supply mechanism (2) comprises a main
belt (126) and a sub-belt (125) configured to feed
the paper sheets, and the control unit (200) is con-
figured to control drive speed and drive directions of
the main belt and the sub-belt to raise the posture
of the paper sheets when it determines that the pos-
ture of the paper sheets in the input unit obliquely
falls down.

10. The device according to any of the foregoing claims,

further comprising:

a transfer mechanism (58) configured to transfer
the paper sheets picked up by the pick up mech-
anism along a convey path.
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